Hubble Space Telescope images of the galaxy merger Tadpole (VV29=Arp 188=UGC 10214) are interpreted using the hydro-gravitational theory of Gibson 1996-2000 that predicts galaxy masses within about 100 kpc (3.1×10 21 m) should be dominated by dark halos of primordial-fog-particles (PFPs) in dark protoglobular-star-clusters (PGCs), a cosmology supported by the quasar microlensing observations and interpretation of Schild (1996) that his quasar lens galaxy mass must be dominated by "rogue planets ... likely to be the missing mass". According to our interpretation, as the smaller merging galaxy components VV29cdef move through the dark halo of galaxy VV29a, star and young globular cluster formation is triggered forming the long luminous star-wake VV29b. Frozen PFP planets are evaporated by radiation and tidal forces of the intruders. Friction from the gas accelerates the accretional cascade of PFPs to form larger planets and ultimately stars. Weak turbulence permits small-mass stars to form. Strong turbulence causes the formation of large-mass stars. Star-wakes show that the blue dwarf galaxy VV29c (identified by radio telescope observations of gas density and velocity, Briggs et al. 2002) and a set of smaller companions VV29def entered the dark halo of the larger VV29a galaxy at a radius 4×10 21 m, and then spiraled in on different tracks toward frictional capture by the VV29a center.
Introduction
The peculiar filamentary galaxy Tadpole (VV29=Arp 188=UGC 10214) and the similar merging galaxy system with a long luminous tail Mice (NGC 4676) were chosen to be among the first images obtained by the HST/ACS Hubble Space Telescope, taking advantage of the wide angle field of view of the newly installed Advanced Camera for Surveys (April 30, 2002, press release) to provide better information about the origins of these mysterious systems. It has been recently speculated (Trentham et al. 2001 ) that the long Tadpole tail might reflect the presence of a nearby (non-baryonic) "Dark-Matter" halo by forming a tidal bridge of stars emerging from VV29a and extending directly toward (and revealing for the first time) a baryonically empty, massive, Cold-Dark-Matter (CDM) object. Vast numbers of such "CDM halos" should exist in the context of CDM cosmologies (excluded by Gibson 1996-200) where all galaxies are assumed to formed by baryonic matter falling into the gravitational potential wells of these gravitationally bound, collisionless assemblages from primordial times of non-baryonic particles that have hierarchically clustered to galaxy mass. However, the radio telescope measurements (Briggs et al. 2002) clearly demonstrate the existence of a blue dwarf galaxy VV29c embedded in the VV29a image with velocity opposite to the VV29a rotation velocity, so the massive CDM halo interpretation of VV29b (Trentham et al. 2001 ) becomes unnecessary. Briggs et al. 2002 propose a dramatically different (Toomre and Toomre 1972) tidal tail interpretation of Tadpole where the blue dwarf galaxy VV29c enters from the Northwest, experiences a close encounter with VV29a, ejects VV29b to the Southeast, and then departs away from the observer along the VV29a line of sight to a distance comparable to the length of VV29b; that is, about 4 × 10 21 m.
The CDM-halo tidal bridge interpretation (Trentham et al. 2001) is not excluded by the (Briggs et al. 2002) title, "Did VV 29 collide with a dark Dark-Matter halo?" Both of these "tidal tail" interpretations are based on the Toomre & Toomre 1972 -4 -"deliberately simple-minded" collisionless gravity tidal force models, and are inconsistent with numerous previously unseen details revealed by HST/ACS images such as Figure 1 .
Thin tidal tails in frictionless tidal models are the result of thin galaxy disks ejected so that by coincidence some portion is edgewise to the observer, resulting in tidal lion tails that are bushy at the end rather than the thin and pointed tadpole and mice tails observed. Random sprays of collisionless particles in N body computer simulations must be ignored in fitting tidal tail simulations to galaxy merger observations. No collisionless galaxy merger simulation that matches the Tadpole geometry is presented or referenced by (Briggs et al. 2002) . Furthermore, we see from the highest resolution HST/ACS images that the disk of VV29c is perpendicular to the VV29b tail rather than parallel as required, with VV29c embedded in VV29a, not far in the background as proposed (Briggs et al. 2002) . The VV29c galaxy disk is intact and has not been flung forward to form VV29b. From the HST/ACS images, VV29c and its companions VV29def have been captured by frictional forces of VV29a and cannot be described by any version of the collisionless (Toomre and Toomre 1972) tidal tail model. The oval features previously interpreted as spiral arms of VV29a lose this appearance in the HST/ACS images and appear instead as cylindrical luminous wakes. The outermost luminous wake shows a spiral path that wraps once around VV29a and terminates with VV29cf at half its initial distance from the VV29a center. A smaller and shorter wake splits into two fragments VV29de about half way around before these objects plunge toward VV29a at two thirds the way around and half way to the center. One of the fragments VV29e apparently possesses an active nucleus that creates a spray of star formation extending 4 × 10 20 m to the South, well away from the VV29a nucleus that lacks any such AGN signature. A similar spray of star formation in its baryonic dark matter halo is seen in a background galaxy 2 × 10 21 m East of VV29a on the plane of VV29.
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VV29b star-wake The present frictional accretion interpretation of the HST/ACS Tadpole images is explained by viscous-turbulent hydro-gravitational fluid mechanics that excludes CDM cosmologies and collisionless fluid mechanics that are the basis of the two tidal tail interpretations discussed above. In the following, we first briefly review the hydrogravitational theory, and then compare its predictions with the HST/ACS images. Finally, some conclusions are provided.
Hydro-Gravitational Theory
Standard CDM cosmologies are fatally flawed (Gibson 1996) by their mistaken reliance on the Jeans acoustical criterion (Jeans 1902) for gravitational condensation and by their inappropriate use of collisionless fluid mechanics (Gibson 2000) .
The Jeans 1902 theory fails because it neglects viscous forces, turbulence forces, non-acoustic density fluctuations, and the effects of diffusion on gravitational structure formation. Jeans did linear perturbation stability analysis (neglecting turbulence) of Euler's equations (neglecting viscous forces) to reduce the problem of gravitational instability of a nearly uniform ideal gas with density ρ only a function of pressure (the barotropic assumption) to one of gravitational acoustics. The critical wave length for stability with these assumptions is the Jeans's length scale L J where
G is Newton's gravitational constant and V S is the sound speed. any gravitational condensation on an acoustical density maximum rapidly converts to a non-acoustical density maximum because the accreted mass retains the momentum of the assumed motionless ambient gas. At this point one faces the more realistic problem of gravitational structure formation in a moving, viscous, diffusive, possibly turbulent gas that was addressed by Gibson 1996 . Turbulence or viscous forces will dominate gravitational forces at large distances from a point of maximum or minimum density, but gravitational forces will dominate turbulent or viscous forces at small distances if the gas does not diffuse away faster than it can condense or rarify due to gravity, respectively.
The diffusion velocity is D/L for diffusivity D at distance L and the gravitational velocity is Lρ 1/2 G 1/2 . The two velocities are equal at the diffusive Schwarz length scale
Weakly collisional particles such as the hypothetical cold-dark-matter (CDM) material cannot possibly form potential wells for baryonic matter collection for this reason.
where V p is the particle speed and L c is the collision distance.
Weakly collisional particles will have large collision distances and therefore large diffusivities and large diffusive Schwarz lengths. Therefore, any non-baryonic (hot or cold) dark matter must be the last material to condense by self gravity and not the first as assumed by CDM cosmologies. In galaxy formation (Gibson 1996) , the non-baryonic component of the universe diffuses to form either an outer halo of the galaxy if the galaxy is isolated, or diffuses completely away from the baryonic galaxy to become part of the galaxy cluster halo or galaxy supercluster halo.
The baryonic matter is subject to large viscous forces, especially in the hot primordial plasma and gas states existing when most gravitational structures first formed. The viscous forces per unit volume ρνγL 2 dominate gravitational forces ρ 2 GL 4 at small scales, where ν is the kinematic viscosity and γ is the rate of strain of the fluid. The forces match at the -8viscous Schwarz length
which is the smallest size for self gravitational condensation or void formation in such a flow. Turbulent forces may require even larger scales of gravitational structures. Turbulent forces ρε 2/3 L 8/3 match gravitational forces at the turbulent Schwarz scale
where ε is the viscous dissipation rate. Thus in strongly turbulent regions with large ε values one expects large stars to form because the turbulent Schwarz scales are larger than any other hydro-gravitational scale.
The Jeans criterion is irrelevant to gravitational structure formation triggered by non-acoustic density maxima and minima. Structures can form at scales that are either larger or smaller than L J . By Jeans' criterion no structures can form in the primordial plasma because L J during this hot, dense, epoch is always larger than the scale of causal connection L H ≡ ct, where c is the speed of light and t is the time since the big bang.
However, the viscous Schwarz scale is smaller than L J during this period, and matches L H at time t ≈ 10 12 seconds, well before 10 13 seconds which is the time of plasma to gas transition (300 000 years). The first structures are proto-supercluster-voids, which rapidly fill with non-baryonic matter by diffusion. The baryonic mass density ρ ≈ 2 × 10 −17 kg/m 3 and rate of strain γ ≈ 10 −12 s −1 are preserved within the proto-supercluster objects, and within the proto-cluster and proto-galaxy objects, all of which form prior to the plasma-gas transition (Gibson 2000) .
The conditions of the primordial gas is precisely revealed by measurements of temperature fluctuations of the cosmic microwave background radiation, which show an average δT /T ≈ 10 −5 , much too small for any turbulence to have existed at that time (10 13 s). This is to be expected because turbulent motions would have been strongly damped -9by buoyancy forces for all periods after the time of first gravitational fragmentation; that is, 10 12 s. Viscous forces were much too small to explain the lack of primordial turbulence (ν values ≤ 10 30 m 2 s −1 would be needed). The temperature, density, viscosity, and rate of strain are all known, so the viscous Schwarz mass is easily calculated to be about 10 24 kg, the mass of a small planet, or about 10 −6 M ⊙ . Thus, when the cooling primordial plasma turned to gas, the entire baryonic universe turned to a fog of planetary mass primordial-fog-particles (PFPs). These objects gradually cooled and eventually froze solid to become the baryonic dark matter and basic material of construction for stars and everything else, about 30 × 10 6 planets per star.
The Jeans mass of the primordial gas is about 10 6 M ⊙ , the mass of a globular star cluster. The proto-galaxies fragmented at this scale as well, but not for the reason given by the Jeans 1902 theory. Density fluctuations in the gaseous proto-galaxies are absolutely unstable to condensation and void formation at all scales larger than the viscous Schwarz scale. Pressure can only remain in equilibrium with density without temperature changes in a gravitationally expanding void on scales smaller than the Jeans scale. From the second law of thermodynamics, rarefaction wave speeds that develop as density minima expand due to gravity to form voids are limited to less than the sonic velocity. Cooling will occur in the otherwise isothermal primordial gas when the expanding voids approach the Jeans scale.
Gravitational fragmentation of proto-galaxies will then be accelerated by radiative heat transfer to these cooler regions, resulting in fragmentation at the Jeans scale and isolation of proto-globular-star-clusters (PGCs) with the primordial gas Jeans mass. These 10 36 kg objects do not collapse from their own self gravity because of their internal fragmentation at the viscous Schwarz scale to form 10 24 kg PFPs. The fact that globular star clusters have precisely the same density and primordial-gas-Jeans-mass from galaxy to galaxy proves they were all formed simultaneously soon after the time of the plasma to gas transition 10 13 s. The gas has never been so uniform since, and no mechanism exists to recover such a high The non-baryonic matter diffuses to fill the voids, and limits the amplitude of the density contrast formed to the small values observed in the CMB. The superclusters, clusters and galaxies never contract but continue to expand (mostly by diffusion) at a much slower rate than the rest of the universe. Galaxies in the center of superclusters such as M87 -12have slower spin rates than those at the outer edges where void fragmentation occurred, as expected. The concept of cold dark matter is unnecessary to explain galaxy formation, and is quite indefensible on physical and fluid mechanical grounds. Other shaky concepts of the standard model also vanish such as the "dark age" before stars, Population III superstars, and the complete reionization of the baryonic gas. Since the observed lack of intergalactic gas is a natural consequence of the freezing of PFPs, reionization is not necessary to explain it. Dimming in the brightness of supernovas of ≈ 30% without reddening the spectrum is to be expected due to surrounding broken clouds of PFPs, with occasional bright supernovas appearing between the clouds. Thus it is unnecessary to assume that 70% of the universe consists of some sort of "dark energy" and that the expansion of the universe is speeding up and slowing down in some random fashion driven by time variation of a "cosmological constant" term (that has ≈ 10 −60 probability of existence from particle physics theory) in Einstein's general relativity equations.
Evidence Supporting the Hydro-Gravitational Theory
Evidence supporting the hydro-gravitational theory of structure formation is gradually accumulating. High resolution telescope images in star forming regions and supernova remnants are full of poorly explained small objects, knots and "ejecta" that are likely to be evaporating PFPs. Cometary globules and the huge masses of gas observed by the HST near hot dying stars in planetary nebulae are much more easily explained as the result of evaporating ambient PFPs in the interstellar medium than they are as ejecta. Plasma beams from young stars produce Herbig-Haro objects with cometary tails, and the plasma beams themselves pulsate as though the accreted material forming the star contained planetary mass chunks. The closest planetary nebula is Helix, where some 6500 cometary globules have been identified, each with mass about 10 25 kg and size 10 13 m, and separated -13by about 10 14 m. The gas in the nebula is of order the mass of the star, but the total mass of the atmosphere of the dying star before it is ejected should be less than about 10 −7 M ⊙ .
More distant planetary nebula such as the Ring and the Eskimo show similar dense objects and massive nebulae. The mass density for the objects 10 −14 kg/m 3 is three orders of magnitude larger than the density of any atmosphere ejected by the white dwarf star. Shock waves can increase densities by no more than factors of about six. These cometary globules are usually explained as due to Rayleigh-Taylor instability, where a dense gas shell ejected first is accelerated by a lighter shell ejected more rapidly later. However, the RT instability cannot increase the density of the dense shell by many orders of magnitude or decrease the density in the RT fingers to form wakes as observed. RT fingers only form in a narrow range of Reynolds numbers near critical, but this is not the case for these objects. If the cometary globule separations in Helix reflects that of the ambient PFP population, the mass density of PFPs is near the value 10 −17 kg/m 3 expected for a PGC. The PGC may have supplied the PFPs from which the Helix star was formed, consistent with the size of the 3 × 10 15 m region surrounding the white dwarf that is observed to be empty of cometary globules.
However, the most conclusive and convincing evidence for the PGC-PFP hydrogravitational scenario is still the technically challenging one of quasar microlensing.
The Schild 1996 interpretation that the QSO 0957+561A,B quasar lens galaxy must be dominated by planetary mass objects is based on the observed high twinkling frequency of the two quasar images A,B. The initially controversial Schild time delay has now been confirmed by several independent observers, and is in the process of further refinement by an international team of observers using telescopes at sufficient points on the Earth to provide continuous coverage and independent confirmation of the twinkling QSO 0957+561A,B light curves (Colley et al. 2002) . At this time four other lensed quasars have been observed with sufficiently precise time delays of the mirage images to extract the planetary mass twinkling frequencies, and these have been observed and reported (Burud et al. 2000 -14 -Hjorthe et al. 2002 , Schechter et al. 2002 .
Evidence of substructure in several lensing galaxies is reported by Dalal and Kochanek 2002 from the difference in brightness of the background source mirages, with substructure masses in the range 10 6 − 10 9 M ⊙ . This evidence is presented to suggest that the missing CDM halos of the local group of galaxies is not a crisis for the hierarchical CDM model of galaxy formation that overestimates the numbers of dwarf galaxies by orders of magnitude compared to observations because the actual galaxy substructures may be dark. However, (Dalal and Kochanek 2002) is also good evidence that a significant fraction of the lens galaxies mass is in dark baryonic clumps, such as the PGCs predicted by the Gibson 1996-2000 hydro-gravitational cosmology and the clumps of dark PGCs triggered to form clumps of YGCs by the star formation wake of VV29c in the VV29b filament of Tadpole.
Merging galaxy systems such as the Tadpole, Mice, and Antennae are characterized by the appearance out of the dark of young-globular-clusters (YGCs) and large quantities of gas. Using the HST and a wide variety of other telescopes to cover a broad range of frequencies , nearly a thousand YGCs have been identified and studied in the Antennae system (NGC 4038/9), which is the closest merging galaxy system at only 6 × 10 23 m. At this distance the clusters are well resolved. The mass function inferred from the luminosity for the young (5 Myr) globular clusters in Antennae is very different than that for old (≥ 10 Gyr) globular clusters, falling with power law slope -2 from a maximum near 10 4 M ⊙ rather than showing the narrow lognormal peak near 2 × 10 5 M ⊙ widely observed for old GCs. The brightest YGCs have the same mass as the OGCs. We suggest that the low masses of the most numerous YGCs is simply because most of the mass of the PGCs from which these YGCs are forming is still tied up in dark matter
PFPs that are rapidly accreting to form stars under the influence of the tidal merger.
Observations
Besides the eponymous tail, the most striking features of the very high resolution wide
angle HST/ACS images of Tadpole are the two well defined luminous ovals around VV29a which we interpret as star formation wakes in the dark halo above and below the disk of VV29a (Figure 2 ) rather than ordinary spiral arms in the disk. The outermost star-wake
is labeled VV29c at the bottom of Fig. 2 because it is a direct continuation of the VV29b star-wake and is readily extrapolated around VV29a to the embedded galaxy VV29c. The inner oval pattern extends the center of the West Plume (Briggs et al. 2002) of stars that apparently were triggered into formation by the merging galaxy components VV29def, and appears to terminate at VV29e and some sort of AGN plasma jet (labeled "Polar Stream"
in the Briggs et al. 2002 inventory of structures).
The inferred galaxy component VV29d leaves a dark dust wake plunging toward the VV29a center in Figure 3 . VV29e also leaves a dark dust wake, suggesting strong turbulence and short lived massive stars were triggered by its passage. Component VV29f entered the inner dark halo of VV29a closest to VV29c and left no stars small enough to remain luminous for more than the ≈ 5 × 10 8 years since its passage. The dust trail of VV29f leaves a clear shadow over the bright oval of VV29de and terminates with the bright clump of star clusters labeled VV29f in Fig. 2 , maintaining a distance of about 1.5 × 10 20 from VV29c throughout their spiral descent toward VV29a. This interpretation is supported by the radio telescope observations (Briggs et al. 2002) showing large integral HI (neutral hydrogen) column densities with velocity opposite to that of the VV29a rotation and VV29c star wake. The VV29c and VV29f objects are in front of and obscure the VV29b star-wake in the HST/ACS images, contrary to the (Briggs et al. 2002) interpretation that these objects are ≈ 4 × 10 21 m in the background of VV29a using a frictionless tidal tail scenario.
The edge of the VV29a baryonic dark matter halo is clearly shown by the high -16 -
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Conclusions
The wealth of morphological details in the high resolution HST/ACS images makes a collisionless tidal tail interpretation of the Tadpole system untenable. A tidal bridge to an invisible CDM halo (Trentham et al. 2001) as the explanation of VV29b would require that the CDM halo rotate precisely with VV29a and that the VV29c star-wake near VV29a be ignored. Tidal forces in this scenario should expel a symmetric trail of stars on the opposite side of VV29a that is not observed. Similarly, the (Briggs et al. 2002) suggestion that VV29c entered from the Northwest rather than the Southeast and is far in the background moving away seems quite implausible in view of the HST/ACS images that show VV29c and other companion components VV29def are firmly embedded in, and merging with, VV29a. No evidence of dust extinction caused by the spiral arms of VV29a is seen on the face of VV29c in the HST/ACS images as one would expect if it were far in the background.
From the HST/ACS images the Tadpole galaxy can best be interpreted as a frictional rather than a collisionless galaxy merger. Gas that provides the friction is produced by evaporating frozen primordial-fog-particles comprising the baryonic dark matter halos of the merging galaxies. The location of the edge of the VV29a baryonic dark matter halo is clearly shown by the HST/ACS images giving a radius of ≈ 4 × 10 21 m (120 kpc). From the observed gas densities and velocities (Briggs et al. 2002) and the YGC separation distances it appears that the baryonic dark halo mass is at least an order of magnitude larger than the mass of the luminous stars of VV29a. Thus the HST/ACS images of Tadpole support the existence of massive baryonic dark matter halos composed of millions of dark proto-globular-clusters (PGCs) of dark primordial-fog-particles (PFPs) predicted by the hydro-gravitational cosmology of Gibson 1996 Gibson -2000 and confirmed by the quasar microlensing interpretation of Schild 1996.
